Objective: To assess the relation between specific flavonoid classes and peripheral arterial occlusive disease (PAOD), an important manifestation of atherosclerosis. Design: Using data from a case-control study conducted in Greece in 1980 on the nutritional epidemiology of PAOD, we have exploited recently published databases on the content of foods in specific flavonoid classes to assess the relation between intake of these compounds and PAOD. Setting: A major teaching hospital in Athens, Greece. Subjects: Cases were 100 patients with PAOD and controls 100 patients with minor surgical conditions admitted to the same hospital. Interventions: No interventions. All cases and controls were interviewed in the hospital wards, and a 110-food item semiquantitative food frequency questionnaire was administered by the same interviewer. Results: Flavonols, flavones and perhaps flavan-3-ols were inversely associated with PAOD risk, the odds ratios (and 95% confidence intervals) for increments equal to the corresponding standard deviations being 0.41 (0.20-0.86), 0.56 (0.32-0.96) and 0.53 (0.26-1.05), respectively. Total flavonoids were also significantly inversely associated with PAOD. Conclusions: On the basis of these results, the biological properties of flavonoids and evidence concerning their relation to other manifestations of atherosclerosis, we conclude that dietary intake of specific classes of flavonoids, as well as total flavonoids, may have a protective effect against PAOD.
Introduction
Flavonoids, which are naturally found in plant foods, have been reported to reduce atherosclerosis and to have strong antioxidant, anti-inflammatory, antithrombotic and endothelial protection properties (Chopra and Thurnham, 1999; Giugliano, 2000 , Mruk et al., 2000 Fuhrman and Aviram 2001; Kris-Etherton et al., 2004; Vita, 2005) . Six classes of flavonoids common in foods are usually considered: flavones, flavonols, flavan-3-ols, flavanones, anthocyanidins and isoflavones. Flavones, particularly apigenin and luteolin, are mainly present in leafy vegetables and herbs. Flavonols are found in many plant foods: fruits, leaves and vegetables are sources of the glycosides of quercetin and kaempferol, while isorhamnetin is found in onions and pears, and myricetin in berries, maize and tea. Ripe fruits, leaves, tea and red wine are good sources of flavan-3-ols, while citrus fruits and juices are the major sources of flavanones. Anthocyanidins are most abundant in fruits and red wine, while isoflavones are found mainly in soya and soya products (Peterson and Dwyer, 1998; Manach et al., 2004) .
The biological properties of flavonoids suggest a possible protective role of these substances against manifestations of atherosclerosis. Several studies have examined the intake of flavonoids in relation to coronary heart disease (CHD) Hertog et al., 1995; Knekt et al., 1996; Rimm et al., 1996; Yochum et al., 1999; Huxley and Neil, 2003; Lagiou et al., 2004; Arts and Hollman, 2005) . Most of these studies have indicated a weak inverse association of flavonoids with CHD, the evidence pointing mostly to flavonols (Huxley and Neil, 2003; Arts and Hollman, 2005) , flavones (Arts and Hollman, 2005) and flavan-3-ols (Lagiou et al., 2004; Arts and Hollman, 2005) . The association of flavonoids with other manifestations of atherosclerosis has not been studied as intensively, although in a large cohort study in Finland dietary intakes of neither flavonols nor flavones were associated with risk for stroke (Hirvonen et al., 2000) . To our knowledge, no epidemiologic study has ever examined the association of dietary intake of flavonoids with the risk of peripheral arterial occlusive disease (PAOD).
In 2002 and 2003, the United States Department of Agriculture published food composition data for the previously indicated six classes of flavonoids as well as for specific flavonoid compounds within these six classes (US Department of Agriculture -Iowa State University, 2002; US Department of Agriculture, 2003) , taking into account work by several groups Arts et al., 2000, etc.) . Relying on these databases, we have studied the association of each major flavonoid class with PAOD risk. We have used data from a case-control study undertaken in Greece in the 1980 s (Skalkidis et al., 1989; Katsouyanni et al., 1991) . In that study, dietary intakes were ascertained using a semiquantitative food frequency questionnaire and these intakes were used to assess intake of flavonoids on the basis of the recently generated databases.
Materials and methods
Between September 1982 and February 1984, 100 patients with a first diagnosis of PAOD were hospitalized in the Laikon Hospital, which at that time was one of five general teaching hospitals in Athens, Greece (Skalkidis et al., 1989; Katsouyanni et al., 1991) . PAOD patients had to have specified diagnostic findings in the ultrasound flowmeter examination and in the aortic or femoral arteriography. Controls were patients randomly chosen among those hospitalized in the same hospital during the same period as the index cases for conditions requiring minor surgical care. These conditions were hernias (25 patients), fracture or traumatic injuries (17 patients), cataract (14 patients), appendicitis (eight patients), varicose veins (seven patients), simple goiter (five patients), external abscesses (four patients), other skin conditions (five patients), ear-nose-throat conditions (seven patients) and other minor surgical conditions (eight patients). Controls were excluded if they had a clinical history, symptoms or signs of PAOD. Cases and controls were not matched for age, but were frequency matched for gender. Among the contacted patients, three additional cases and five additional controls were unable to participate because of conflicts in clinical schedules. At that time, no written informed consent was required when the study was noninterventional and did not require invasive procedures or intrusive questions. Hence, all subjects who provided oral informed consent were included in the study.
The interviews were conducted directly with the patient before discharge in the first admission, by one of the authors (YS), who was part of the clinical staff at the time of the study. Patients were asked to indicate the average frequency of consumption, over a period of 1 year before the onset of the current disease, for both cases and controls, of 110 food items or beverage categories, according to precoded frequencies of intake per month, week or day. The frequency of consumption of the various food items was then expressed as number of times per month the food was consumed. Thus, a value of 30 was assigned to food items consumed daily, a value of 4 to those consumed about once a week, a value of 2 to those consumed at least once a month but not every week and a value of 0 when the food items were rarely or never consumed. The questionnaire was not validated, since this was not the norm at that time. However, a similar questionnaire has been used in other studies, the results of which have been confirmed in later and larger investigations (Manousos et al., 1983 Trichopoulos et al., 1985) . Nutrient intakes were estimated using the University of Massachusetts food composition database (Willett et al., 1985) and information on typical portion sizes from a Greek database (Katsouyanni et al., 1991) . Food and beverage contents of flavones, flavonols, flavan-3-ols, flavanones, anthocyanidins and isoflavones were obtained from the US Department of Agriculture databases (US Department of Agriculture -Iowa State University database, 2002; US Department of Agriculture, 2003) . The nutrient contents of a food item-specific typical portion were multiplied by the monthly frequency of consumption of the item, and these estimates were added over all food items. Since we had no information in the original study on types of alcoholic beverages consumed, flavonoid content of specific beverages could not be and was not estimated.
For the statistical analyses, the data were initially studied through simple cross-tabulations using marginal quintiles of the studied flavonoid categories, the three food groups that are the main sources of flavonoids in the Greek diet (fruits, vegetables and pulses) as well as of the total flavonoid intake defined as the sum of the intake of the six evaluated categories. Subsequently, the data were modelled through multiple logistic regression using the SPSS statistical Package (Statistical Package for Social Sciences v. 11.5, Chicago, IL, USA). A core model was used that included age (49 years or less, 50-59, 60-69, 70 years or more, ordered), gender, body mass index (BMI) (in kg/m 2 , continuously), years of education (in years, continuously), smoking habits (nonsmokers, past smokers and current smokers, categorically), alcohol intake (nondrinkers, drinkers of less than 10 glasses per week and drinkers of 10 or more glasses per week, categorically), coffee consumption (regular drinkers versus non and occasional drinkers), total energy intake (in kJ/day, continuously) and arterial blood pressure (130 mmHg or less, 131-140, 141-150 and 151 mmHg or more, ordered). Since intake of saturated lipids, polyunsaturated lipids and fibre are established risk factors for atherosclerosis (Willett, 1998) and predictors of PAOD risk in earlier analyses (Katsouyanni et al., 1991) , these dietary variables were also controlled for. We did not control for diabetes mellitus and hypercholesterolaemia, because these variables are likely to be intermediate factors in the causation of PAOD rather than confounders (MacMahon and Trichopoulos, 1996) . PAOD incidence odds ratios were expressed per increment of each of the evaluated categories of flavonoids equal to one standard deviation. Table 1 shows the profiles of PAOD cases and control patients with respect to selected sociodemographic and lifestyle variables. Cases with PAOD were generally older and more educated than control patients. They also had higher blood pressure and BMI, and were more frequently smokers and drinkers of alcohol and coffee. All these variables, however, were adjusted for in the analyses. Table 2 shows the distribution of patients with PAOD and control patients by marginal quintiles of intake of fruits, vegetables and pulses, as well as of five of the six evaluated flavonoid categories and total energy intake. For anthocyanidins, which, among the foods commonly consumed in Greece are found in substantial quantities only in cherries, distribution of cases and controls in quintiles by anthocyanidin intake was not feasible and mean values (and standard errors) were calculated instead; these were 10.8 mg/day (s.e. ¼ 1.1) for cases and 13.5 mg/day (s.e. ¼ 1.5) for controls. In Table 2 , differences are evaluated through the w for linear trend, adjusting for age and gender. Although these data are not directly interpretable because of confounding by sociodemographic and lifestyle variables, as well as mutual confounding among nutritional variables, there is evidence for inverse associations of PAOD risk with consumption of fruits, vegetables and pulses, the major food sources of flavonoids, as well as with intake of flavonols, flavones and, perhaps, flavan-3-ols. Interestingly, but not implausibly, the trends with respect to flavonols, flavones and flavan-3-ols are driven by striking differences in the number of cases and controls in the highest quintile in comparison to the other quintiles. Table 3 shows multiple logistic regression-derived odds ratios for PAOD per one standard deviation increment of the major categories of flavonoids and of total flavonoids. In the first set of models, only the variables shown in Table 1 , as well as total energy intake, are adjusted for. In the second set of models, adjustment was also made for saturated fat, polyunsaturated fat and fibre. By taking into account both the point estimates and the corresponding confidence intervals, it appears that flavonols, flavones and perhaps flavan-3-ols are inversely associated with PAOD risk. Indeed, the inverse associations of most component categories of flavonoids with PAOD are sufficiently strong to allow total flavonoids to also be inversely associated with PAOD risk.
Results
We have also attempted to mutually adjust among the flavonoid categories, in addition to adjusting for the previously indicated non-nutritional and nutritional variables. This is a questionable procedure because several flavonoids are strongly intercorrelated. In this model, the inverse association of PAOD with flavones was the more robust finding, but nonsignificant inverse associations with PAOD also persisted with respect to flavonols, and flavan-3-ols. Flavonoids and peripheral arterial disease P Lagiou et al
Discussion
In a moderately sized hospital-based case-control study, we have found that flavonols, flavones and perhaps flavan-3-ols are inversely associated with PAOD risk, so that an increase equal to one standard deviation of any of these flavonoid classes is associated with an about 50% reduction of the risk for this disease. Indeed, the inverse association of most component categories of flavonoids with PAOD are sufficiently strong to allow total flavonoids to also be similarly inversely associated with PAOD risk. These inverse associations persist after adjustment for a series of non-nutritional variables, as well as total alcohol and coffee consumption, total energy intake Flavonoids and peripheral arterial disease P Lagiou et al and intake of saturated fat, polyunsaturated fat and fibre. Among the strengths of this study are comparability of interviewing procedures between cases and controls, minimal refusal rates, the application of a comprehensive food frequency questionnaire that has been successfully used in a number of previous case-control studies and the exploitation of the most up-to-date flavonoid databases. What should also be noted is that, since the development of PAOD is gradual and dietary modifications are currently introduced as an early intervention, it would be particularly difficult to undertake today a case-control study focusing on the dietary determinants of this relatively rare condition. Among the weaknesses of the study are those inherent in hospital-based case-control investigations which, however, are to a large extent compensated by the similarity in the context and the process of the interviewing procedure, the very high participation rate among all study subjects and the origin of both cases and controls from the same underlying population (Wacholder et al., 1992) .
Another concern is that information on type of alcoholic beverage consumed was not available, because in the original study (Skalkidis et al., 1989; Katsouyanni et al., 1991) the focus was on ethanol consumption rather than the nature of the beverage. Since we had no information on types of alcoholic beverages consumed, flavonoid content of specific beverages could not be and was not estimated. The issue is of importance, as catechins, principal compounds of the flavan-3-ol category, are abundant in red wine, but not in other forms of alcoholic beverages (Peterson and Dwyer, 1998; Manach et al., 2004) . It is reasonable to assume, however, that the same flavonoid compounds from different sources have similar biological effects. Moreover, expression of the association between intake of flavonoids and PAOD risk per standard deviation increment of the respective compound bypasses, to a certain extent, the problem generated by the underestimation of the absolute intake on account of the noninclusion of flavonoids from alcoholic beverages. Another weakness of this study is that the association noted could, at least in part, be due to other components in the foods. This weakness, however, is shared by all noninterventional studies that attempt to draw inference about nutrients on the basis of primary data on foods.
Notwithstanding the indicated limitations of our study, there is considerable biological evidence supporting the potential for a possible protective role of flavonoids against PAOD. Flavonoids protect low-density lipoproteins from oxidation, attenuate atherosclerosis, have anti-inflammatory effects and may inhibit platelet activity (Demrow et al., 1995; Chopra and Thurnham, 1999; Mruk et al., 2000; Fuhrman and Aviram, 2001; Kris-Etherton et al., 2004) . No previous epidemiologic study has evaluated the association of flavonoid intake with PAOD, but several investigations have pointed to an inverse association of these compounds with coronary heart disease (Huxley and Neil, 2003; Lagiou et al., 2004) , another manifestation of atherosclerosis. Lastly, other studies on the nutritional epidemiology of PAOD, that have not evaluated flavonoids, have indicated that consumption of plant foods, which are sources of flavonoids, are inversely associated with PAOD risk (Donnan et al., 1993; Ciccarone et al., 2003) .
In conclusion, we have found evidence that flavonoids, particularly flavonols and flavones, are inversely associated with PAOD risk. Our results, in conjunction with findings indicating an inverse association of flavonoid intake with coronary heart disease risk, and supportive evidence concerning the biological properties of flavonoids, point to these compounds as having a potential role in the prevention of PAOD. Adjusted for age, gender, body mass index, years of education, smoking habits, alcohol and coffee consumption, blood pressure and total energy intake. b Adjusted as in models a, but also controlling for saturated fat, polyunsaturated fat and fibre.
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